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ABSTRACT
We present results of interferometric polarization observations of the recently discov-
ered magnetar J1745−2900 in the vicinity of the Galactic center. The observations
were made with the Karl G. Jansky Very Large Array (VLA) on 21 February 2014
in the range 40–48 GHz. The full polarization mode and A configuration of the array
were used. The average total and linearly polarized flux density of the pulsar amounts
to 2.3 ± 0.31 mJybeam−1 and 1.5 ± 0.2 mJybeam−1, respectively. Analysis shows a
rotation measure (RM) of (−67±3)×103 radm−2, which is in a good agreement with
previous measurements at longer wavelengths. These high frequency observations are
sensitive to RM values of up to ∼ 2× 107 radm−2. However, application of the Fara-
day RM synthesis technique did not reveal other significant RM components in the
pulsar emission. This supports an external nature of a single thin Faraday-rotating
screen which should be located close to the Galactic center. The Faraday corrected
intrinsic electric vector position angle is 16±9 deg East of North, and coincides with
the position angle of the pulsar’s transverse velocity. All measurements of the pulsar’s
RM value to date, including the one presented here, well agree within errors, which
points towards a steady nature of the Faraday-rotating medium.
Key words: polarization — techniques: interferometric — Galaxy: center — stars:
magnetars — pulsars: individual: PSRJ1745−2900
1 INTRODUCTION
Recently pulsar J1745−2900 was discovered by the Swift
satellite as an X-ray flare (Kennea et al. 2013), coming from
the direction of the source Sagittarius A* (Sgr A∗). It was
confirmed as a pulsar by the NuSTAR (Mori et al. 2013)
and Chandra (Rea et al. 2013) satellites. The X-ray flar-
ing activity and spectral properties, pulsation behavior and
spin down rate measurements (Gotthelf et al. 2013) imply
PSR J1745−2900’s magnetar nature (Mori et al. 2013), with
a dipole magnetic field of order 1014 G. Subsequent to
the X-ray outburst, PSRJ1745−2900 was detected at ra-
dio wavelengths with many ground–based radio telescopes
(Buttu et al. 2013; Eatough et al. 2013b; Lee et al. 2013;
Shannon & Johnston 2013)). Chandra observations have
shown (Rea et al. 2013) that the pulsar is located about
∼ 3 arcseconds away from Sgr A∗, this is about 0.1 pc in
projection (with the distance to the Sgr A∗ of 8.5 kpc). Re-
⋆ Contact e-mail: evgenia.v.kravchenko@gmail.com
cently Bower et al. (2015) have shown that PSRJ1745−2900
may be bound to Sgr A∗ by measuring its proper motion rel-
ative to the Galactic center (GC). Considering the NE2001
density model of the Galaxy (Cordes & Lazio 2002), the lo-
cation of the magnetar should be less than 10 pc from the
GC.
Among all known pulsars PSRJ1745−2900 has the
largest dispersion measure, DM = 1778 ± 3 pc cm−3,
and rotation measure, RM = −(66960 ± 50) radm−2
(Eatough et al. 2013a). Sgr A∗ itself has the largest ob-
served rotation measure in the Galaxy (Bower et al. 2003;
Marrone et al. 2006; Macquart et al. 2006), RM = −(5 ±
1) × 105 radm−2, which could be produced in the warm
magnetized plasma, accreting onto the central supermas-
sive black hole (Reid & Brunthaler 2004; Ghez et al. 2008;
Gillessen et al. 2009).
So far only PSRJ1745−2900 and the Galactic center
show such extremely large rotation measures in the Galaxy.
Other high values are seen in non-thermal filaments 0.◦5
away from the GC (e.g., G359.54+0.18, Yusef-Zadeh et al.
c© 2016 The Authors
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Figure 1. The image of the region around Sgr A∗with PSRJ1745−2900, integrated over the 40–48 GHz band. The image center is
located at α = 17h45m40s.038, δ = −29◦00′28.069′′ (J2000). The contours of total intensity are 0.139 mJy beam−1×(−1, 1, 2, 4, ...,
8192). The peak flux density of the image is of 1248.49±0.14 mJy. The half power width of the synthesized beam is 73×46 milliarcseconds,
the position angle is 2.◦43, and is shown at lower left corner of the image.
1997) with maximum RM = −4200 radm−2. Since RM
originates in a magnetized plasma, the most probable ori-
gin of this rotation is a thin screen with large magnetic
field, located close to the GC. A few pulsars also show
comparable RMs; two of the highest are PSR J1841−0500
with (−2990 ± 50) radm−2 (Camilo et al. 2012) and PSR
J1410−6132 with (2400±30) radm−2 (O’Brien et al. 2008).
A galactic survey of neutral hydrogen at 21 cm reveals
sources located in the Galactic plane with RMs of order
103 radm−2 (Brown et al. 2007).
Thus, the nature and location of the Faraday-rotating
(also referred here to as ’Faraday screen’) and scattering
screens for Sgr A∗ and PSRJ1745−2900 are not ultimately
known. Bower et al. (2014) and Spitler et al. (2014) locate
the thin scattering screen at 5.8 ± 0.3 kpc from the GC on
the basis of a joint analysis of an angular broadening and
temporal scattering data obtained from the pulsar. This was
also later confirmed by Wucknitz (2014). At the same time,
Pushkarev & Kovalev (2015) point to problems with the sce-
nario of a scattering screen located so far away from the GC.
Bower et al. (2003); Shannon & Johnston (2013) explain the
large Sgr A∗ RM as being due to a dense halo around, but
not associated with the source itself. Marrone et al. (2006)
attribute the Faraday rotation to the material very close to
Sgr A∗ (within ∼ 0.04 pc). Macquart et al. (2006) show that
the Sgr A∗ screen is external to the emission region, but also
put the Faraday-rotating medium in close proximity to the
GC. Eatough et al. (2013a) place the pulsar Faraday screen
within a parsec from Sgr A∗. The above mentioned works
agree that the magnetic field in the Faraday screen should
be high, with the value of tens of microgauss to a few mil-
ligauss (e.g., Crocker et al. (2010); Noutsos (2012)). For the
observed range of spectral indices, α ∼ 0.2 − 0.3, based on
radio continuum observations of the inner few hundred pc
of the Galactic center, the equipartition magnetic field is
estimated to be ∼ 20µG (Yusef-Zadeh et al. 2013).
Yusef-Zadeh et al. (2015) note fluctuations in the flux
density of the magnetar and suggest, that they come from
interactions of the shock originated by the X-ray pulsar out-
burst, colliding with the orbiting GC ionized gas. Meanwhile
the ionized gas acts as a Faraday-rotating screen, resulting
in PSRJ1745−2900’s RM.
Eatough et al. (2013a); Shannon & Johnston (2013)
have studied the polarization properties of the pulsar in-
cluding Faraday rotation. Eatough et al. (2013a) have mea-
sured the pulsar’s RM at 2.5-8.7 GHz with the VLA, Ef-
felsberg and Nanc¸ay radio telescopes to be −(66960 ±
50) radm−2. At the same time, Shannon & Johnston (2013)
presented results from ATCA observations at 16-18 GHz
of −(67000 ± 500) radm−2. The pulsar has been observed
at 42–44 GHz (Yusef-Zadeh et al. 2014; Bower et al. 2015;
Yusef-Zadeh et al. 2015) and at 2.5–225 GHz (Torne et al.
2015), but the authors did not discuss polarization. Here we
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report first results of a polarization study in the 40-48 GHz
band of PSRJ1745−2900 at the VLA.
2 OBSERVATIONS AND DATA PROCESSING
Observations were made with the Very Large Array of
the National Radio Astronomy Observatory on 21 Febru-
ary 2014. The A configuration of the array was used, with
the longest baseline reaching 36.4 km. The field of view of
the resulting image covered about 15×15 arcsec centered on
the Galactic center. Observations were done during 5 hours
at frequencies from 40 to 48 GHz in full polarization mode.
Since observations were primarily targeted towards Sgr A∗,
data reduction was done following the calibration procedure
for sources with a continuum spectrum. Data processing and
imaging were performed within the Obit package1 (Cotton
2008). The 8192 MHz band was divided in to 4096 frequency
channels with the spectral resolution of 2 MHz. The cal-
ibrated data were averaged over the whole 5 hr interval,
4096 frequency channels were imaged independently, with
the phase and amplitude self-calibration application to the
data. The resulting resolution was 73 × 46 milliarcseconds,
with the position angle of the synthesized beam of 2.◦4. The
amplitude calibration accuracy approaches 5 per cent.
Instrumental polarization calibration was done using
3C286, J1733−1304 and J1744−3116 as calibrators, mean-
while absolute electric vector position angle (EVPA) cali-
bration was done using 3C286 only. The accuracy of the
instrumental polarization was of order one percent and that
of the EVPA 2.◦3; the absolute EVPA calibration errors is es-
timated at 4.◦1. The final calibration error of absolute vector
position angle comprises errors from the instrumental and
absolute calibrations and is estimated to be 4.◦7.
Due to the low flux density level of the pulsar and since
the pulsar observations were ungated, we did not detect sig-
nificant polarized signal in individual channels. To increase
the signal-to-noise ratio (S/N), we used different averaging:
(i) for the EVPA fitting about 104 MHz spectral resolution is
used, resulted from averaging 52 spectral channels, and (ii)
during the RM synthesis 34 MHz resolution is used, resulted
from averaging 17 spectral channels.
3 MEASUREMENTS OF THE FARADAY
ROTATION
For the analysis of rotation measure we used two methods:
linear fitting of the EVPA – λ2 dependence and RM synthe-
sis.
3.1 EVPA – λ2 analysis
The rotation measure is defined as the slope of polarization
angle, ψ, versus wavelength squared, λ2:
RM =
dψ(λ2)
dλ2
. (1)
1 http://www.cv.nrao.edu/~bcotton/Obit.html
Figure 2. Linear polarization at the position of PSRJ1745−2900
as a function of the observing frequency ν. One σ error bars are
plotted, derived from noise fluctuations in the Q and U images,
residual instrumental polarization and absolute flux calibration
errors.
Figure 3. Electric vector position angle versus wavelength
squared for PSRJ1745−2900. One σ error bars include errors
from residual instrumental polarization, absolute EVPA calibra-
tion and noise fluctuations in the Q and U images.
In the simplest Faraday-thin case, with a foreground rotat-
ing screen which is external to the emitting region, the po-
larization angle is linear with λ2 and the RM is defined as a
constant coefficient:
ψ = ψ0 +RM · λ2, (2)
where ψ0 denotes the unaffected intrinsic EVPA of the
source. The accuracy of the least-squares fit of the EVPA–
λ2 dependence can be evaluated if observations are made in
wide bandwidth. In the Faraday-thick regime, when other
Faraday effects (e.g., Burn 1966; Sokoloff et al. 1998) take
place, RM is a function of λ and EVPA is not a linear func-
tion of λ2. Observations with wide enough bandwidth can
distinguish Faraday-thin from Faraday-thick cases.
3.2 Rotation Measure synthesis
The RM synthesis technique (Burn 1966;
Brentjens & de Bruyn 2005) is based on Fourier trans-
formation of polarization signal in λ2 space and reconstruc-
tion of the Faraday RM spectrum F (φ) or the Faraday
dispersion function. The technique separates the different
MNRAS 000, 1–6 (2016)
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periodic behaviors in λ2 and searches for multiple Faraday
components.
The Faraday dispersion function at a particular depth
is given by
F (φ) = K
+∞∫
−∞
pIe2iψe−2iφλ
2
dλ2, (3)
where p is the fractional linear polarization, I – total flux
density, and K is a normalization factor. Reconstruction of
the RM spectrum is conducted over all possible values of
Faraday depths φ.
Rotation Measure synthesis uses full polarized infor-
mation of the source to recover properties of the Faraday-
rotating medium. The technique can not distinguish between
multiple Faraday screens located on the same line of sight,
when only the integrated value is available. Meanwhile emit-
ting components with different sight lines through varying
Faraday screens can be distinguished. The technique can dis-
tinguish cases when radio emission traverses different Fara-
day screens or a mix of Faraday-rotating medium with emit-
ting regions on its way to an observer. The emission from
the PSRJ1745−2900 may include non pulsed, diffuse emis-
sion, originating in ionized gas orbiting around Sgr A∗, as
suggested by Yusef-Zadeh et al. (2015), or may come from
other sources in the direction of the pulsar. Thus, applica-
tion of the RM synthesis is justified in searching for multiple
Faraday components.
The resolution in Faraday depth space (or ability to
separate components) is defined as the width of the λ2-
spacing function at half maximum (Brentjens & de Bruyn
2005), where the λ2-spacing function R(φ) is given by
R(φ) = K
+∞∫
−∞
e−2iφλ
2
dλ2. (4)
It is also known as RM transfer function – an equivalent to
the dirty beam in aperture synthesis. Meanwhile, the un-
certainty of the reconstructed Faraday RM component is
defined as the FWHM of the sampling function, divided by
twice the S/N (Feain et al. 2009; Law et al. 2011). The max-
imum Faraday depth to which RM synthesis is sensitive is
determined by the channel width, δλ2: φmax ≈
√
3/δλ2. It
allows measuring ∼ 2 × 107 radm−2 with 34 MHz channel
width.
4 RESULTS
4.1 Flux density and linear polarization
The 40–48 GHz continuum image of the region near Sgr A∗
with PSRJ1745−2900 included is given in Fig. 1. Since
Sgr A∗ is hundreds of times brighter than the pulsar, Sgr A∗
fluctuations cause artifacts on the map at the position of
PSRJ1745−2900. Thus, only integrated total flux density
at 40 GHz was estimated and estimated as 2.3 ± 0.3 mJy.
Meanwhile, linearly polarized emission from the source has
comparable values. The variation of linearly polarized flux
density with frequency is shown in Fig. 2 and is observed at
an average level of about 1.5± 0.2 mJy.
Figure 4. RM transfer function given in arbitrary units (top).
Faraday RM spectrum (bottom) for PSRJ1745−2900 for a spec-
tral resolution of 34 MHz. Vertical solid lines indicate identified
Faraday components, while the horizontal solid line represents the
1σ rms noise level.
4.2 Faraday rotation measure
The behavior of EVPA with wavelength squared is shown in
Fig. 3 with the solid line indicating the weighted linear fit.
The details of the fit are given in Table 1.
In comparison to EVPA linear fitting, the higher spec-
tral resolution of 34 MHz for the RM synthesis was used
in order to increase the value of maximum detectable rota-
tion measure. The RM synthesis method (Fig. 4) supports
the results of linear fit (Table 1), though with less accuracy.
This is the result of the relatively small fractional bandwidth
used in our analysis. The amplitude of the peak in the Fara-
day dispersion function is 1.54 ± 0.06 mJy. The FWHM of
the sampling function is 2.45× 105 radm−2, thus our obser-
vations are not sensitive to components with RMs differing
from the main peak by less than this value.
Brentjens & de Bruyn (2005); Feain et al. (2009);
Law et al. (2011); Macquart et al. (2012) showed that the
RM synthesis technique is applicable to data with S/N ≥ 7.
The signal is derived as the amplitude of an identified
component in the Faraday RM spectrum. The noise, σ, is
taken to be average rms noise per channel divided by the
square root of the number of channels used. The S/N for
the detected RM component is 27.3.
The measured intrinsic polarization position angle of
the pulsar, ψ0, is of 16± 9 degrees.
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Table 1. Rotation Measure results. The reduced χ2 of the fit,
amplitude, S, its rms noise, σ, and S/N are given for the strongest
component in Faraday RM spectrum.
EVPA–λ2 fit RM Synthesis
RM (radm−2) −67000 ± 3000 −67000 ± 12000
χ2
red
2.28 ...
S (mJy) ... 1.535
σ (mJy) ... 0.056
S/N ... 27.3
No other components, except the main one, were de-
tected with the amplitude higher than 3σ in range of RMs
±2× 107 radm−2.
We put constrains on the value of gradient in the
RM,△RM, across the Faraday screen (Gardner & Whiteoak
1966; Tribble 1991). Assuming an EVPA deviation of about
10◦ from the linear slope as a source of beam depolarization,
the maximum value of the gradient in Faraday screen can
be estimated using the following equation
△RM = △ψ
λ2 · beam , (5)
with the resultant △RM less than about 3800 radm−2.
5 DISCUSSION
We measured PSR J1745−2900’s rotation measure of
−(67000 ± 3000) radm−2 using the least-squares fit and
−(67000 ± 12000) radm−2 using the RM synthesis at 40–
48 GHz. The resulting accuracy comes from continuum,
rather than pulsed measurements. Meanwhile our estimates
are in a good agreement with other measurements at wave-
lengths of about and below 2 cm: −(67000 ± 500) radm−2
made by Shannon & Johnston (2013) on 1 May 2013 at 16–
18 GHz and −(66960± 50) radm−2 made by Eatough et al.
(2013a) on 28 April 2013 at 2.5–8.7 GHz. The time sep-
aration among these and ours observations is a year, and
the relatively stable RMs might indicate a steady nature
of the Faraday-rotating medium. Though variability on
time-scales of months-to-years or within estimated errors
(±3269 radm−2) is possible. The result concerning the
steady nature of the Faraday-rotating medium is supported
by the observations of Marrone et al. (2006), who showed
Stokes Q and U variations of Sgr A∗ on the hour scale, mean-
while the value of RM remains constant with time, and all
these changes happen due to intrinsic Sgr A∗ activity.
The high amplitude of the RM component, almost
reaching the level of the linearly polarized flux density,
taken together with the absence of other RM components
indicates that there is only one external Faraday screen,
which is expected for pulsed emission. We put an upper
limit on the amplitude of a second possible component in
the PSR J1745−2900 RM spectrum of 0.31 mJy with RMs
higher than 2.5 × 105 radm−2, which may originate in the
unpulsed emission, probed by our continuum observations.
The other imaging studies of pulsars have continuum emis-
sion, which is consistent with the pulsed, point-like emis-
sion (e.g., Kaplan et al. 1998; Kouwenhoven 2000). The data
of Eatough et al. (2013a) at 8 GHz are sensitive to RMs up
to 107 radm−2; they are also well described by a single RM
component.
Han et al. (2006) have reported results of polarization
properties of 223 pulsars. Among them the PSR J1324−6146
shows the highest value of RM = −1546 radm−2 with the
DM = 828 pc cm−3 while PSR J1705−4108 has the highest
DM = 1077 pc cm−3 and RM = 916 radm−2. Dispersion
measures of PSR J1705−4108 and PSRJ1745−2900 differ
by a factor of 1.5 only, whereas rotation measure differ by
a factor of ∼81. While the dispersion measure gives the col-
umn electron density on the line of sight from the observer
to the source, the rotation measure is also a function of the
component of the magnetic field parallel to the line of sight.
This indicates the existence of strong magnetic fields in the
surrounding medium of PSRJ1745−2900 (see also discus-
sions by Eatough et al. 2013a). High RM values of the same
sign for PSRJ1745−2900 and Sgr A∗ suggest close location
of the pulsar to the GC.
The intrinsic electric vector position angle of the pulsar,
ψ0 is estimated to be 16±8 deg. It coincides with the position
angle of the pulsar’s transverse velocity, which is measured
to be 22± 2 deg (Bower et al. 2015). The orientation of the
inferred magnetic field is consistent with a picture in which
the magnetar is moving through the dense ionized medium of
Sgr A West which orbits Sgr A∗. The magnetar’s radio emis-
sion is in part produced by synchrotron emission from elec-
trons accelerated in a reverse shock arising from this inter-
action (Yusef-Zadeh et al. 2015). Considering the emission
measure of 2 × 107 cm−6pc (Yusef-Zadeh et al. (2015) and
references therein) and dispersion measure of 1778 cm−3pc,
we obtain ne ∼ 1.1 × 104 cm−3 and the size of the region
with the ionized medium of 0.16 pc. It implies the strength
of magnetic field ≥ 50µG. Thus, unlike the hot X-ray emit-
ting gas with strong magnetic field (≥ 2 mG) within sev-
eral parsecs of Sgr A∗, proposed by Eatough et al. (2013a),
we attribute the observed pulsar’s RM to the warm ion-
ized medium with lower magnetic field, located within a few
tenths of parsecs from Sgr A∗.
So far, RMs of 105−107 radm−2 are detected only in the
compact regions of active galactic nuclei (e.g., Agudo et al.
2014; Plambeck et al. 2014; Mart´ı-Vidal et al. 2015). Such
high RMs may originate in close proximity to the mas-
sive black holes powering magnetized relativistic outflows,
which favors the idea that the Faraday-rotating screen of
PSRJ1745−2900 is in the region near Sgr A∗. Meanwhile,
calculations of Li et al. (2015) show that the main contri-
bution to the Galactic center’s RM is from accretion flow
rather than a jet, if it exists. The future observations will
shed light on this problem.
6 SUMMARY
We observed recently discovered pulsar J1745−2900 with the
VLA in A configuration simultaneously over the frequency
range 40–48 GHz. The traditional λ2 fitting as well as Fara-
day RM synthesis were used to determine the pulsar’s rota-
tion measure. The estimated value of (−67±3)×103 radm−2
agrees with results other authors previously derived at fre-
quencies below 18 GHz. We detected only one Faraday com-
ponent in the range of ±2 × 107 radm−2 with amplitude,
approaching 100% of the linearly polarized flux density. We
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measured total and linearly polarized flux densities up to
2.3± 0.3 mJy beam−1 and 1.5± 0.2 mJy beam−1 levels with
the VLA synthesized beam size of 73 × 46 mas, and the
beam position angle of 2.◦4. These high frequency results sup-
port the external nature of an optically thin Faraday screen.
Taken together with previous measurements, they indicate
a steady nature of the Faraday-rotating medium. We sup-
port the view that the Faraday screen is located close to the
Galactic center while PSRJ1745−2900 is in the vicinity of
Sgr A∗ and attribute the observed puslar’s RM to the warm
ionized medium with the magnetic field of 50µG, located
within a few tenths of parsecs from the GC.
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